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INTRODUCTION	Currently,	 there	 exists	 millions	 of	 individuals	 with	 gait	 disabilities	 who	require	 the	 use	 of	 an	 orthosis	 on	 a	 lower	 extremity	 (Russell	 et	 al.,	 1997).	 In	 the	United	States	alone,		over	300,000	individuals	are	affected	by	foot	drop,	a	condition	that	 is	 characterized	 by	 the	 difficulty	 or	 the	 inability	 of	 a	 person	 to	 lift	 their	 toes	towards	 their	 shin	 (i.e.	 dorsiflex)(National	 Institute	 of	Neurological	Disorders	 and	Stroke	 (NINDS),	 2019)	 This	 type	 of	 pathology	 has	 a	 number	 of	 causes,	 including		stroke,	cerebral	palsy,	multiple	sclerosis,	and	neurological	trauma	from	an	accident	or	surgical	complications	(Taylor	et	al.,	1999).	One	of	the	most	common	treatments	used	in	correcting	foot	drop,	that	does	not	involve	surgery,	is	the	use	of	an	ankle	foot	orthosis	(AFO).	AFOs	are	braces	that	are	worn	on	the	lower	leg	and	foot	to	support	the	ankle	and	hold	the	foot	and	ankle	in	the	proper	alignment	to	counteract	the	dropping	of	the	foot	(Shiel	Jr.,	W.	C.	2018).	Foot	 drop	 patients	 typically	 have	 the	 ability	 to	 plantarflex	 (i.e	 the	 flexing	 of	 the	foot/toes	downwards	towards	the	sole)	but	suffer	from	a	lack	of	ability	to	dorsiflex.	The	most	commonly	prescribed	AFOs	are	rigid,	uncomfortable,	and	do	not	allow	for	much	dorsi-	or	plantar	flexion.	This	makes	it	difficult	for	patients	to	ascend/descend	stairs,	 walk	 over	 changes	 in	 elevation	 (e.g.	 a	 curb)	 or	 to	 clear	 certain	 obstacles	within	their	walking	path.	Often	these	individuals	find	it	necessary	to	change	their	walking	 patterns	 in	 order	 to	 accomodate	 for	 these	 brace-induced	 constraints.	Consequently,	there	is	an	increase	in	stress	in	their	other		joints	such	as	their	knees,	hips	 and	 back,	 which	 leads	 to	 the	 patients	 facing	 additional	 pain	 and	 discomfort	
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2.1.2	THE	STANCE	PHASE		 The	stance	phase	 is	 the	 first	phase	of	 the	gait	cycle,	and	represents	60%	of	the	total	cycle.	While	in	this	phase,	the	foot	is	in	contact	with	the	ground	and	nearly	all	 of	 the	 body	 weight	 is	 on	 the	 foot.	 Weight,	 and	 contact	 with	 the	 ground,		transitions	from	first	the	heel,	to	the	full	foot,	then	to	the	forefoot	in	order	to	initiate	forward	motion	of	the	body.	For	this	process,	the	three	important	parts	to	recognize	are	 the	 heel	 rocker,	 ankle	 rocker,	 and	 forefoot	 rocker	 (Figure	 3).	 In	 conjunction,	these	 rockers	 serve	 to	 control	 the	 forward	 fall	 of	 the	 body	 during	 normal		ambulation.		






The		Loading	Response	(LR)	or	weight	acceptance	period	is	defined	from	the		start	of	IC	(0%)	to	about	12%	of	the	gait	cycle.	During	this	period,	the	limb	acts	as	a	shock	absorber	and	the	knee	consequently	undergoes	flexion	to	coincide	with	load	acceptance	and	deceleration	of	the	body	as	it	progresses	forward.	The	foot	is	in	full	contact	with	the	ground	and	the	the	ankles	move	into	a	plantar	flexion	of	roughly	5-10	degrees.	Subsequent	to	LR	are	the	midstance	(MST)	and	terminal	stance	(TST)	phases.	The	period	between	these	two	consecutive	points,	MST	through	to	TST,	marks	the	single	 limb	 support	 period.	 Single	 limb	 support	 involves	 progression	 of	 the	 body	over	the	foot	and	weight-bearing	stability	(Prokinetics	Team,	2018).	In	this	period,	the	opposing	(contralateral)	limb	is	in	the	swing	phase	(Webster,	Abu-Faraj,	Harris,	Smith,	and	Hassani,	2015).		Midstance	covers	the	first	half	of	single	limb	support	and		from	12%	to	31%	of	 the	gait	 cycle.	During	MST,	 the	 shank	 rotates	 forward	over	 the	 supporting	 foot,	creating	the	ankle	(second)	rocker	motion	of	the	cycle	[Figure	3	(b)].	At	the	onset	of	single	stance	the	ankle	is	slightly	plantar-flexed	at	5	degrees.	From	this	position	the	foot	 gradually	 dorsiflexes.	 The	 basic	 arc	 is	 from	 -5	 to	 +5,	 with	 10	 degrees	 of	dorsiflexion	being	attained	 just	as	 the	heel	 rises	 to	 initiate	 terminal	 stance	 (Perry,	1992c).	This	motion	creates	the	ankle	rocker	necessary	for	forward	advancement	of	gait.		 The	second	stage	of	single	support,	the	terminal	stance	(TST),	covers	31%	to	50%	of	the	gait	cycle.	TST	begins	when	the	heel	is	about	to	lift	off	the	ground.	The	ankle	 is	 maximally	 dorsiflexed	 (10	 degrees)	 from	 the	 start	 and	 progresses	 into	plantar	 flexion.	 During	 this	 period,	 the	 body’s	 center	 of	 mass	 (COM)	 leads	 the	forefoot	 and	 accelerates	 as	 it	 is	 falling	 forward	 towards	 the	 unsupported	 limb.	Terminal	stance	is	the	period	of	the	forefoot	rocker	(third	foot	rocker)	[Figure	3	(c)].	
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This	rocker	serves	as	an	acceleration	rocker	to	prepare	the	limb	for	advancement	in	the	preswing	phase	(PSW).	Preswing	concludes	the	terminal	stance	phase	and	marks	the	final	period	of	double	 limb	support.	 It	 extends	 from	50%	to	62%	of	 the	overall	 gait	 cycle	 (Perry,	1992b).	 Preswing	 begins	 with	 the	 IC	 of	 the	 contralateral	 limb	 and	 ends	 with	ipsilateral	(stance)	toe-off,	just	as	the	stance	foot	clears	the	ground	(Õunpuu,	1994;	Perry,	1992b;	Gage,	1991).		In	this	period,	the	ankle	rapidly	plantar	flexes	to	a	15-20	degree	position.	This	period	concludes	stance	phase	and	marks	the	beginning	of	swing	phase.			
2.1.3	THE	SWING	PHASE	The	last	phase	of	the	gait	cycle	is	the	swing	phase.	It	is	associated	with	limb	advancement	and	consists	of	Initial	Swing,	Mid	Swing	and	Late	Swing.		Initial	swing	represents		the	initial	third	of	the	swing	phase	from	60%	to	73%	of	the	gait	cycle.		It	occurs	from	toe-off	to	when	the	swing	limb	foot	is	opposite	the	stance	limb	(Boston	Orthotics	and	Prosthetics).	In	this	phase,	the	ankle	moves	from	20	 degrees	 of	 plantar	 flexion	 towards	 dorsiflexion	 to	 end	 at	 a	 neutral	 position	Physiopedia,	2017).	During	initial	swing,	the	flexion	of	the	ankle	helps	the	foot	clear	the	ground.	Mid	Swing	follows	the	Initial	Swing	and	accounts	for	73%	to	87%	of	the	gait	cycle.	It	is	defined	from	the	time	the	swing	foot	is	opposite	the	stance	limb	to	when	the	tibia	is	vertical.	In	this	phase,	the	ankle	is	in	neutral	position.	Last,	the	terminal	swing	accounts	for	the	final	third	of	the	swing	phase	from		78%	 to	 100%	 of	 the	 gait	 cycle.	 Terminal	 swing	 is	 initiated	 with	 vertical	 tibial	alignment	 and	 continues	 until	 initial	 contact	 when	 the	 foot	 strikes	 the	 ground	(Bruckner,	1998).		
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2.2	FOOT	DROP	
2.2.1	DEFINITION	OF	FOOT	DROP	Foot	 drop	 is	 characterized	 by	 the	 inability	 to	 raise	 the	 front	 portion	 (i.e	dorsiflex)	of	one’s	foot	due	to	weakness	or	paralysis	of	the	muscles	that	lift	the	foot	(NINDS,	 2019)	 Foot	 drop	 causes	 two	 major	 complications.	 First,	 the	 patient	 is	unable	 to	 control	 the	 falling	 of	 their	 foot	 after	 heel	 strike	 (Sambrook,	 2018).	 This	results	in	the	foot	slapping	the	ground	on	every	step.	Second,	the	patient	is	unable	to	lift	their	toes	during	the	swing	phase	of	the	gait	cycle.	Consequently,	in	order	for	the	person	 to	prevent	scuffing	of	 their	 toes	along	 the	ground,	or	 tripping,	people	with	foot	drop	tend	to	bend	their	advancing	leg	higher	than	usual,	which	causes	what	is	called	a	“steppage”	gait	(TheFreeDictionary,	2019).											
2.2.2	CAUSES	OF	FOOT	DROP	Foot	 drop	 is	 a	 common	 condition	 that	 afflicts	 many	 people	 each	 year.	 In	particular,	 stroke	 survivors	 are	 a	 leading	 population	 of	 those	 suffering	 from	 foot	drop.	 In	 the	United	States,	 there	are	over	800,000	stroke	victims	per	year.	Of	 this	number,	 twenty	 percent	 develop	 foot	 drop	 as	 a	 side	 effect	 (Centers	 for	 Disease	Control	and	Prevention,	2019).	This	condition	develops	as	a	result		of	nerve	damage,	
Figure	4:	Foot	drop	
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which	affects	the	ability	of	the	brain	to	send	neurological	signals	to	the	limb,	or	by	weakened	muscles.	 These	muscles	 contribute	 to	 the	 rotation	 of	 the	 ankle	 and	 the	raising	 of	 the	 foot.	 They	 allow	 the	 toes	 to	 swing	 up	 from	 the	 ground	 during	 the	beginning	 of	 a	 stride	 and	 control	 the	 planting	 of	 the	 heel	 towards	 the	 end	 of	 the	stride	 (A	 DIctionary	 of	 Nursing,	 2019).	 When	 these	 muscles	 behave	 abnormally,	they	 prevent	 the	 toes	 from	 clearing	 the	 ground	 during	 the	 stride,	 which	 in	 turn	contributes	to	tripping	and	falling	and	subsequent	injuries.		
	
2.2.3	TREATMENTS	FOR	FOOT	DROP	There	are	few	options	available	for	those	with	foot	drop.	Current,	nonsurgical	options	 include	 orthotics,	 such	 as	 ankle	 foot	 orthoses	 (AFOs),	 and	 functional	electrical	stimulation	(FES).			
2.2.3.i	FUNCTIONAL	ELECTRICAL	STIMULATION	(FES)		 Functional	 electrical	 stimulation	 (FES)	 is	 a	 fairly	 new	 approach	 to	 treating	foot	drop	that	uses	shorts	bursts	of	electrical	pulses	to	generate	muscle	contraction	(Bajd,	 Kralj,	 Stefancic,	 &	 Lavrac,	 1999).	 The	 application	 of	 the	 pulses	 induces	 the	contraction	of	muscles	by	creating	action	potentials	in	motor	neurons	attached	to	a	muscle.	FES	 for	 foot	drop	 	 involves	 the	stimulating	 the	peroneal	nerve	 to	produce	active	 dorsiflexion	 during	 the	 swing	 phase	 of	 the	 gait	 (Cameron,	 2010).	 FES	 is	especially	useful	for	treating	foot	drop	when	the	central	nervous	system	is	damaged	but	the	peripheral	nerves,	neuromuscular	junction	and	muscles	are	intact.		
2.2.3.ii	ANKLE	FOOT	ORTHOSIS	(AFO)	An	ankle-foot	orthosis,	or	AFO,	is	a	support	intended	to	control	the	position	and	motion	of	the	ankle,	compensate	for	weakness,	or	correct	deformities	(AliMed,	2014)	 As	 it	 pertains	 to	 foot	 drop,	 AFOs	 are	 usually	 prescribed	 to	 support	 the	
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		 In	 order	 to	 hold	 the	 servo	 securely	 on	 the	 skeleton	 leg,	 we	 created	 a	structure,	shown	below	in	Figure	8,	that	attaches	above	the	knee.	
	
Figure	8:	Servo	motor	attached	to	skeleton	
4.1.2	BOWDEN	CABLE	In	 order	 to	 raise	 the	 foot,	 we	 used	 Bowden	 cables.	 Bowden	 cables	 are	commonly	used	 in	bicycle	braking	 systems.	They	 consist	 of	 an	 inner	 cable	 and	an	outer	tubing,	in	which	the	inner	wire	can	slide	in	and	out.	This	movement	creates	a	force	as	the	wire	pulls	on	a	connected	object.	For	 this	project,	we	connected	one	end	of	 the	Bowden	cable	 to	a	brace	and	the	other	end	of	the	cable	to	a	spool	adjoined	to	the	shaft	of	a	servo	motor.		As	the	motor	 rotated,	 the	 wire	 wound	 around	 the	 spool	 causing	 it	 wire	 to	 effectively	shorten	or	contract.	As	a	result,	the	wire	transferred	the	force	and	torque	provided	by	the	motor	to	raise	the	foot.	Bowden	cables	were	the	best	fit	 for	this	application	because	the	outer	tubing	prevented	excess	movement	and	friction.		
4.1.3	SPOOL		 The	spool	was	used	to	create	a	pulley	system	that	would	allow	the	Bowden	cable	to	wrap	around	it	and	transmit	the	tension	force	required	to	lift	the	foot	as	the	
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adjoining	servo	motor	rotated.		The	spool	component	was	3D-printed	and	fastened	to	 a	 manufactured	 servo	 motor	 attachment,	 shown	 in	 Figure	 X.	 Using	 the	manufactured	 attachment	 ensured	 an	 exact	 and	 secure	 connection	 between	 the	servo	motor	and	3D-printed	pulley.	As	the	motor	pulled	the	cable,	the	wire	wound	onto	the	spool.	This	design	was	inspired	by	that	of	retractable	badge	clips,	shown	in	Figure	X,	which	operate	in	a	similar	manner.		
4.2	SENSORS	AND	CONTROL	
4.2.1	ULTRASONIC	SENSOR		 Ultrasonic	 sensors	 transmit	 and	 receive	 ultrasonic	 waves	 to	 determine	distance.	We	used	the	HC-SR04	Ultrasonic	Distance	Sensor	from	SparkFun,	pictured	in	 Figure	 9.	 This	 sensor	 has	 a	 distance	 sensing	 range	 of	 2-400	 cm,	 which	 was	suitable	 for	 our	 purpose.	 There	 are	 four	 pins	 on	 the	 ultrasonic	 sensor:	 VCC,	 Trig,	Echo,	and	GND.	VCC	connects	to	the	power	source.	Trig	transmits	ultrasonic	waves.	Echo	receives	ultrasonic	waves.	GND	connects	to	ground	(Sparkfun,	2019b).		 We	placed	the	ultrasonic	sensor	on	the	front	of	the	foot,	pointing	forward.	As	the	user	walks,	the	sensor	registers	the	distance	between	the	foot	and	obstacles	in	its	path.		
	Figure	9:	Sparkfun	HC-SR04	Ultrasonic	Distance	Sensor		(Sparkfun,	2019b)		 	
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4.2.2	FORCE-SENSING	RESISTORS		 Force-sensing	Resistors	(FSRs)	are	sensors	that	can	detect	when	pressure	or	force	is	placed	on	them.	An	FSR	is	composed	of	three	layers:	a	semiconductor	layer,	spacer,	and	an	electrode	layer.	As	pressure	is	placed	on	the	FSR,	the	semiconductor	layer	 and	 electrode	 layer	 touch	 and	 cause	 resistance	 to	 decrease.	 The	 resistance	level	determines	how	much	 force	 is	placed	on	 the	FSR.	However,	 though	FSRs	are	relatively	 inexpensive,	 these	 sensors	 are	not	 very	precise	 and	 are	best	 for	 getting	approximate	values	(Adafruit,	2012).			 In	this	project,	we	used	the	Force-Sensing	Resistor:	0.6”-Diameter	Circle	from	Interlink	Electronics,	shown	in	Figure	10	(Pololu,	2019).	
	
Figure	10:	Force	Sensing	Resistor	(Pololu,	2019)		






























5.1.1	ARDUINO	CODE		 In	order	 to	process	data	 collected	 from	 the	ultrasonic	 sensor	and	FSRs,	we	used	 Arduino	 code.	 The	 code	went	 through	many	 iterations	 as	we	 debugged	 and	experimented	with	it.	The	final	version	is	included	in	Appendix	B.		 We	started	with	basic	Arduino	codes	used	to	actuate	each	of	the	sensors	and	motor.	 As	we	 continued	 experimenting,	we	 combined	 the	 separate	Arduino	 codes	into	 a	 single	 code	 that	 actuated	 the	 whole	 system	 and	 reworked	 the	 code	 as	necessary.	
	









recognize	the	‘initial	contact’	and	‘toe-off’	phases	of	the	gait.	Based	on	the	detected	state	 of	 the	 foot—if	 it	 was	 at	 the	 start	 or	 end	 of	 the	 gait	 cycle—a	 control	 signal	would	actuate	the	servo	via	the	Arduino	coding.			As	a	step	is	taken,	pictured	in	Figure	17:	
● When	the	heel	is	down,	the	skeleton	foot	is	at	the	neutral,	0	degree	position	






















6.2	ULTRASONIC	RESULTS		 As	 a	 result	 of	 our	 ultrasonic	 sensor	 experiments,	 we	 determined	 that	 the	ultrasonic	sensor	was	able	 to	accurately	detect	an	obstacle	and	correctly	generate	the	actuation	of	the	motor	to	lift	the	foot	during	certain	situations.	When	we	tested	the	ultrasonic	pointed	straight	at	a	flat	surface,	it	caused	the	foot	to	rise	as	intended.	
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However,	when	we	tested	the	ultrasonic	pointed	at	a	sloped	angle,	it	did	not	cause	the	 foot	 to	 rise	 as	 determined.	When	 pointed	 at	 an	 angle,	 the	 ultrasonic	 received	noisy	data	and	resulted	in	the	servo	motor	rotating	back	and	forth.			
	
6.3	LIMITATIONS		 We	would	like	to	note	several	limitations	from	our	findings.			 The	 ultrasonic	 sensor	 was	 able	 to	 detect	 objects	 fairly	 accurately	 when	pointed	straight	at	an	object.	However,	when	pointed	at	an	angle	or	at	a	slope,	the	data	 that	 it	 received	was	 not	 as	 accurate.	 This	 was	 due	 to	 the	 fact	 that	 a	 sloped	surface	 does	 not	 have	 a	 consistent	 measurement	 of	 distance.	 This	 limited	 the	placement	 of	 the	 ultrasonic	 sensor	 and	 its	 reliability.	 Also,	 the	 ultrasonic	 sensor	occasionally	 sensed	 a	 stray	 error	 in	data.	This	may	be	due	 to	 the	 accuracy	of	 this	specific	sensor.			The	 device	 is	 not	 intended	 as	 a	 final,	 marketable	 product.	 It	 is	 merely	 for	demonstration	 of	 concept	 and	 research	 purposes.	 More	 developments	 and	improvements	must	be	made	on	this	device	before	it	is	finalized	for	market.	The	 skeleton	 used	 for	 testing	 is	 not	 a	 totally	 accurate	 substitute	 for	 a	 real	human	foot	and	leg.	It	was	used	merely	to	simulate	a	human	leg	and	to	get	a	general	understanding	of	the	design	and	concept.		
6.4	APPLICATIONS	There	 exists	 a	 very	 large	 market	 for	 a	 soft	 ankle	 exosuit.	 Our	 design	 was	specifically	 intended	 for	 persons	 that	 suffer	 from	 foot	 drop,	 but	 the	 device	 could	possibly	be	used	in	other	applications	that	revolve	around	the	augmentation	of	the	foot	 during	walking.	 It	 could	 be	 used	 as	 a	 replacement	 for	 existing	AFOs	 that	 are	used	for	rehabilitation	purposes.	The	ultimate	benefit	 this	design	 is	 that	since	 it	 is	
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not	rigid	 like	 typical	AFOs,	 it	 is	more	comfortable	and	the	active	aspect	makes	the	brace	both	supportive	and	aligned	to	the	typical	walking	gait.			
CHAPTER	7	
CONCLUSION	In	 our	 goal	 to	 develop	 a	 soft	 ankle	 exosuit	 for	 correction	 of	 foot	 drop,	 we	successfully	created	a	device	that	achieved	all	of	our	objectives.	However,	there	are	further	steps	to	be	taken	before	the	exosuit	design	can	be	finalized.	Further	 developments	 to	 refine	 this	 device	 would	 be	 to	 conduct	 a	 more	detailed	study	regarding	the	use	of	ultrasonic	sensors	in	the	exosuit.	Research	areas	may	include	studying	the	accuracy	of	ultrasonic	sensors;	ultrasonic	sensors	used	on	uneven	 surfaces;	 ultrasonic	 sensors	 used	 in	 outdoor	 environments;	 ultrasonic	sensors	 used	 in	 various	 weather	 conditions,	 such	 as	 rain	 or	 snow.	 Experiments	could	also	be	conducted	to	test	the	accuracy	of	different	ultrasonic	sensors.	Later	iterations	of	this	project	would	be	to	develop	the	exosuit	to	be	worn	on	a	human	leg.	This	may	involve	the	use	of	stronger	motors	and	components	in	order	to	 accomodate	 for	 the	 heavier	weight	 and	 higher	 torque	 required.	 Other	ways	 to	improve	the	fit	on	a	human	leg	would	be	the	placement	of	the	motor.	Depending	on	the	weight	of	the	motor	or	other	heavy	components,	it	may	be	better	to	place	them	at	the	hip	region	to	lessen	the	load	on	the	user’s	leg.	Another	consideration	would	be	the	wiring.	The	current	prototype	requires	a	lot	of	wiring	and	long	wires	to	connect	all	the	electrical	components	together.	Since	the	exosuit	would	be	worn	under	clothing	and	shoes,	 further	 investigation	may	be	conducted	regarding	the	use	of	wireless	sensors	to	reduce	the	amount	of	wire.	
	37	












	Shiel	Jr.,	W.	C.	(2018).	Definition	of	ankle-foot	orthosis.	Retrieved	from	https://www.medicinenet.com/script/main/art.asp?articlekey=2262		Smidt,	G.	L.	(1990).	"Rudiments	of	gait."	Gait	in	rehabilitation,	G.	L.	Smidt,	ed.,	Churchill	Linvingstone,	New	York,	1-19.		Sparkfun.	(2019a).	Arduino	Uno	-	R3.	Retrieved	from	https://www.sparkfun.com/products/11021		Sparkfun.	(2019b).	Ultrasonic	distance	sensor	-	HC-SR04.	Retrieved	from	https://www.sparkfun.com/products/13959		Streifeneder	Ortho	Production.	(2017).	The	eight	phases	of	human	gait	cycle	[Digital	image].	Retrieved	April	24,	2019,	from	https://www.streifeneder.com/downloads/o.p./400w43_e_poster_gangphasen_druck.pdf		Stöckel,	T.,	Jacksteit,	R.,	Behrens,	M.,	Skripitz,	R.,	Bader,	R.,	&	Mau-Moeller,	A.	(2015).	Functional	divisions	of	the	gait	cycle	according	to	Perry	and	Burnfield	(2010)	[Digital	image].	Retrieved	April	24,	2019,	from	https://www.researchgate.net/figure/Functional-divisions-of-the-gait-cycle-according-to-Perry-and-Burnfield-2010_fig2_278963725		Stöckel,	Tino	&	Jacksteit,	Robert	&	Behrens,	Martin	&	Skripitz,	Ralf	&	Bader,	Rainer	&	Mau-Moeller,	Anett.	(2015).	The	mental	representation	of	the	human	gait	in	young	and	 older	 adults.	 Frontiers	 in	 Psychology.	 6.	 943.	 10.3389/fpsyg.2015.00943.		Physio-Pedia.	 (2017).	 Ankle	 Impingement.	 Retrieved	 from	 https://www.physio-pedia.com/Ankle_Impingement		The	Free	Dictionary.	(2019).	Steppage	gait.	Retrieved	from	https://medical-dictionary.thefreedictionary.com/steppage+gait	
	42	
	Õunpuu,	S.	(1994)		Terminology	for	clinical	gait	analysis,	Rep.	Amer.	Acad.	Cerebral	Palsy	Developmental	Medicine	Gait	Lab	Committee,	Draft	no.	2,	pp.	1–20,			Perry,	J.	(1992a)	Basic	Functions	in	Gait	Analysis:	Normal	and	Pathological	Function.	Thorofare,	NJ:	SLOW	ACK,	pp.	19–47		Perry,	J.	(1992b)	Phases	of	Gait	in	Gait	Analysis:	Normal	and	Pathological	Function.	Thorofare,	NJ:	SLACK,	pp.	9–16,		Perry,	J.	(1992c).	13:	Normal	gait.	Atlas	of	Limb	Prosthetics:	Surgical,	Prosthetic,	and	Rehabilitation	Principles,	Retrieved	from	http://www.oandplibrary.org/alp/chap13-01.asp		Pololu.	(2019).	Force-sensing	resistor:	0.6″-diameter	circle&nbsp;	Retrieved	from	https://www.pololu.com/product/1696		Quick,	D.	(2015).	Unpowered	ankle	exoskeleton	takes	a	load	off	calf	muscles	to	improve	walking	efficiency.	Retrieved	from	https://newatlas.com/unpowered-ankle-exoskeleton-walking-efficiency/36847/		Richards,	J.,	Chohan,	A.,	&	Erande,	R.	(2017,	January	7).	Ankle	movement	through	the	gait	cycle.	[Digital	image].	Retrieved	April	25,	2019,	from	https://musculoskeletalkey.com/wp-content/uploads/2017/01/B9780702043444000158_f015-004-9780702043444.jpg		Webster,	J.	G.,	Abu-Faraj,	Z.	O.,	Harris,	G.	F.,	Smith,	P.	A.	and	Hassani,	S.	(2015).	Human	gait	and	Clinical	Movement	Analysis.	In	Wiley	Encyclopedia	of	Electrical	and	Electronics	Engineering,	J.	G.	Webster	(Ed.).	doi:10.1002/047134608X.W6606.pub2		
	43	
Zancan,	Arturo,	et	al.	“A	new	hip-knee-	ankle-foot	sling:	Kinematic	comparison	with	a	traditional	ankle-foot	orthosis.”	Journal	of	Rehabilitation	Research	and	Development	41.5,	2004:	707-712		Protokinetics	Team.	(2018)	Understanding	Phases	of	the	Gait	Cycle.	Retrieved	from:	https://www.protokinetics.com/2018/11/28/understanding-phases-of-the-gait-cycle/	 	
	44	
	
	
APPENDIX	A	
ARDUINO	SCHEMATIC	
	
		 	
	45	
	
	
APPENDIX	B	
ARDUINO	CODE		#include	<Servo.h>			Servo	servo;				//	Set	pin	numbers:	//FSR	1	(Toes)	int	fsrAnalogPin	=	4;				//	FSR	is	connected	to	analog	0		int	fsrReading	=0;						//	the	analog	reading	from	the	FSR	resistor	divider		//FSR	2	(Heels)	int	fsrAnalogPin2	=	5;				//	FSR	is	connected	to	analog	1		int	fsrReading2	=0;						//	the	analog	reading	from	the	FSR	resistor	divider		void	setup()	{		Serial.begin(9600);				servo.attach(9);													//	the	number	of	the	servo	pin			//initializes	the	FSR	pins	as	inputs:			pinMode(fsrAnalogPin,	INPUT_PULLUP);			pinMode(fsrAnalogPin2,	INPUT_PULLUP);				}	
	46	
void	loop()		{				//	read	the	state	of	the	FSR		values:			fsrReading	=	analogRead(fsrAnalogPin);			fsrReading2	=	analogRead(fsrAnalogPin2);				//	Show	the	state	of	FSRs	on	serial	monitor			Serial.print("Analog	reading	=	");			Serial.println(fsrReading);			Serial.print("Analog	reading	2	=	");			Serial.println(fsrReading2);					//If	statement	for	FSRs	on	the	Toes	and	Heels		//CASE1					if(fsrReading	>=	400)	{					servo.write(0);					delay(100);}			//CASE2				else	if(fsrReading2	>=	400){					servo.write(0);					delay(100);}				//CASE3						else	{					//	turn	LED	off:					//digitalWrite(ledPin,	LOW);					servo.write(150);					delay(100);			}	}	
